Previous studies have revealed that genetic variation in genes that regulate cell migration might be associated with susceptibility to recurrent spontaneous abortion. HULC regulates the migration of a variety of cells, and genetic polymorphisms of HULC are associated with susceptibility to a variety of diseases, but their association with susceptibility to recurrent spontaneous abortion has not been reported. This study included 610 cases of recurrent spontaneous abortion and 817 normal controls, and the polymorphisms of the four SNPs were genotyped using the TaqMan method. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to assess the associations between selected SNPs and susceptibility to recurrent spontaneous abortion. Our results showed that three SNPs were significantly associated with a reduced risk of recurrent spontaneous abortion: rs1041279 (GG vs. GC/CC: adjusted OR = 0.745, 95% CI = 0.559-0.993, P = 0.0445), rs7770772 (GC/CC vs. GG: adjusted OR = 0.757, 95% CI = 0.606-0.946, P = 0.0143), and rs17144343 (AA/GA vs GG adjusted OR = 0.526, 95% CI = 0.366-0.755, P = 0.0005). Individuals with one to four genotypes showed a reduced risk of recurrent spontaneous abortion (adjusted OR = 0.749, 95% CI = 0.598-0.939, P = 0.0123). This cumulative effect on protection increased with increases in the observed number of genotypes (adjusted OR = 0.727, 95% CI = 0.625-0.846, ptrend < 0.0001). Our study suggests that HULC might be a biomarker for risk for recurrent spontaneous abortion, but larger sample studies are needed to verify this result.
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October 2019 | Volume 10 | Article 918 Frontiers in Genetics | www.frontiersin.org are associated with the development of recurrent spontaneous abortion (Regan et al., 1989; Saravelos and Regan, 2014; Garrido-Gimenez and Alijotas-Reig, 2015; Kaur and Gupta, 2016; Pereza et al., 2017) . With the development of genetic testing technology, the polymorphism of many genes was recently confirmed to be associated with susceptibility to recurrent spontaneous abortion, and some gene polymorphisms, such as KDR gene polymorphism, CTLA4 genetic polymorphism and MTHFR polymorphism, might predict the risk of recurrent spontaneous abortion (Honarvar et al., 2016; Zhu et al., 2018) . Abnormal immune reactions and dysfunction of trophoblast infiltration might lead to recurrent spontaneous abortion (Pearson, 2002; Sun and Zhang, 2017) . Recent studies have revealed that some genetic polymorphisms related to immunity-regulation pathways and the regulation of cell motility, such as polymorphisms in IL-1β, p53, IGF-2, and PAI 1, are becoming increasingly important in recurrent spontaneous abortion (Honarvar et al., 2016; Zhu et al., 2018) . A recent study conducted by our research group confirmed that polymorphisms in the lncRNAs MALAT1 and CCAT2, which are involved in the regulation of immunity and cell motility, are associated with susceptibility to recurrent spontaneous abortion (Che et al., 2019a; Che et al., 2019b) . Therefore, it is important to explore whether polymorphisms in lncRNAs involved in the regulation of immunity and cell motility are associated with susceptibility to recurrent spontaneous abortion, and the results would improve the understanding of the etiology of recurrent spontaneous abortion. lncRNAs, which are RNA molecules with lengths greater than 200 nucleotides that are not translated into proteins, regulate gene expression in a variety of ways and play an important role in many human diseases (Shi et al., 2013) . The lncRNA highly upregulated in liver cancer (HULC) is overexpressed in hepatocellular carcinoma and associated with multiple diseases, including tumor growth and angiogenesis, and the regulation of cell proliferation, migration and invasion (Cui et al., 2015; Lu et al., 2016; Kong and Wang, 2018) . In recent years, an increasing number of studies have found that HULC polymorphisms are associated with susceptibility to various diseases, such as hepatocellular cancer and colorectal cancer (Shaker et al., 2017; . A recent study revealed that genetic variations in the lncRNAs HULC and MALAT1 are associated with decreased susceptibility to hepatocellular carcinoma (in persistent carriers of HBV), and these lncRNAs thus constitute two potential diagnostic biomarkers for hepatocellular carcinoma (Motawi et al., 2019) . Moreover, another study found that HULC cooperates with MALAT1 to aggravate the growth of liver cancer stem cells (Wu et al., 2016) . A study conducted by Wang et al. confirmed that MALAT1 is downregulated in patients with recurrent spontaneous abortion, and this downregulated expression is one of the factors leading to the pathogenesis of recurrent spontaneous abortion . Our previous research also found that MALAT1 polymorphism is associated with susceptibility to recurrent spontaneous abortion (Che et al., 2019b) . Similar to the findings obtained for lncRNA MALAT1, many studies have found that the lncRNA HULC is associated with inflammation and cell migration and invasion . These studies suggest that lncRNA HULC gene polymorphisms might be associated with recurrent miscarriage. Therefore, we hypothesized that HULC polymorphisms might be associated with susceptibility to recurrent spontaneous abortion, but the effects of HULC polymorphisms in patients with susceptibility to recurrent spontaneous abortion have not been studied. Therefore, in this case-control study with 610 hospital-based cases and 817 controls, we aimed to determine the relationship between HULC gene polymorphisms (rs1041279, rs7770772, rs1328868, and rs1714434) and susceptibility to recurrent spontaneous abortion in southern China.
MATERIALS AND METHODS

Study Subjects
All the participants included in this study were of Chinese Han descent. The control group was age-frequency-matched to the case group. From June 2017 to June 2019, a total of 610 recurrent spontaneous abortion patients and 817 healthy controls were recruited at the Guangzhou Women and Children Medical Center. Recurrent spontaneous abortion was diagnosed as more than two spontaneous abortions with the same husband (unknown cause, 5-20 weeks gestation), and the control women had at least two normal pregnancies and no history of miscarriage. Couples with chromosomal abnormalities were excluded from the case group. None of the patients in the case and control groups had metabolic disorders, autoimmune diseases, hypertension, endocrine disorders, arterial or venous thrombosis, uterine abnormalities, liver or kidney dysfunction, or embryonic chromosomal abnormalities.
The medical ethics committee of the Guangzhou Women and Children Medical Center approved the study. All the subjects who participated in the study provided signed informed consent (Guangzhou, China, 2018022202) .
SNP Genotyping and DNA Extraction
Peripheral blood was collected from the vein of each subject and placed in a tube containing EDTA. Genomic DNA samples were extracted from 200 μl of the samples of peripheral blood leukocytes obtained from all the participants using a DNA extraction kit (Tiangen, Beijing, China) according to the manufacturer's instructions. We selected the Chinese Han Beijing (CHB) population and used the 1000G data (http://www. internationalgenome.org/home) to select SNPs of the HULC gene using the following three criteria: (1) the minor allele frequency (MAF) in the CHB population reported in HapMap was not less than 0.05; (2) TagSNP was selected based on pairwise linkage disequilibrium (LD) information to maximize representation (r 2 > 0.8); and (3) the selected upstream and downstream regions of the HULC gene were expanded by 2,000 bp. The four candidate SNPs (rs1041279, rs7770772, rs1328868, and rs1714434) were genotyped on an ABI Q6 instrument (Thermo Fisher Scientific, USA) using a TaqMan real-time polymerase chain reaction protocol. And Linkage disequilibrium (LD) between four candidate SNPs are shown in Supplementary Table S1 . The strength of linkage disequilibrium (LD) with the two SNPs was calculated by the online SHEsis software (https://analysis.bio-x.cn) 3
October 2019 | Volume 10 | Article 918 Frontiers in Genetics | www.frontiersin.org (Shi and He, 2005) . A specific fluorescent probe for genotyping was purchased from ABI (Thermo Fisher Scientific, USA). Two blank (water) controls in each 384-well plate were used for quality control. We also randomly selected 10% of the samples for repeated measurements, and the results were consistent.
Statistical Analysis
The differences in the demographic characteristics and genotype frequencies of the SNPs between cases and controls were assessed using the χ2 test and Student's t-test. Odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated by logistic regression analysis to estimate the association between the genotypes and risk of recurrent spontaneous abortion susceptibility. The Hardy-Weinberg equilibrium (HWE) of the control group was calculated using the goodness of fit χ2 test. After adjusting for age, the adjusted OR was calculated through multivariate unconditional logistic regression. Subgroup analyses after stratification by age and number of abortions were also performed. All statistical analyses were performed using SAS statistical analysis software (version 9.4; SAS Institute, Cary, NC, USA). All tests were two-sided, and the statistical significance criterion was set to P < 0.05.
RESULTS
Population Characteristics
We recruited 817 healthy controls and 610 patients with recurrent spontaneous abortions aged 20 to 49 years and 20 to 46 years, respectively, for inclusion in this study ( Table 1) . No significant differences in age were found between the control group and the patients with recurrent spontaneous abortion (32.81 ± 5.09 vs 32.43 ± 5.41 years, P = 0.1796). Approximately 59.18% of the patients with recurrent spontaneous abortion experienced two or three spontaneous abortions, and 40.82% of the patients with recurrent spontaneous abortion experienced four or more spontaneous abortions.
Association Analysis
The allele and genotype frequencies of the four SNPs were selected, and their relationship to risk of recurrent spontaneous abortion is summarized in Table 2 . All four selected SNPs were in Hardy-Weinberg equilibrium (HWE) in the control group (rs1041279, P = 0.202; rs7770772, P = 0.258; rs1328868, P = 0.595; and rs17144343, P = 0.124). Compared with the rs1041279 CC/GC genotype, the variant GG genotype was significantly associated with a reduced risk of recurrent spontaneous abortion (GG vs CC: adjusted OR = 0.745, 95% CI = 0.559-0.993, P = 0.0445). Moreover, the rs770772 GC/CC variant was found to be associated with susceptibility to recurrent spontaneous abortion (GC/CC vs GG: adjusted OR = 0.757, 95% CI = 0.606-0.946, P = 0.0143). We also found that the rs17144343 A allele carriers had a reduced risk of recurrent spontaneous abortion (GA vs GG: adjusted OR = 0.489, 95% CI = 0.334-0.717, P = 0.0002; GA/AA vs GG adjusted OR = 0.526, 95% CI = 0.366-0.755, P = 0.0005). In addition, the following genotypes were used for the calculations: rs1041279 GG, rs7770772 GC/CC, rs1328868 TT and rs17144343 GA/AA. We found that the individuals with one to four genotypes exhibited a reduced risk of recurrent spontaneous abortion (adjusted OR = 0.749, 95% CI = 0.598-0.939, P = 0.0123). This cumulative effect depended on the number of genotypes, and the risk of recurrent abortion significantly decreased with increases in the number of observed genotypes (adjusted OR = 0.727 95% CI = 0.625-0.846 for four genotypes; p trend < 0.0001).
Stratified Analysis
We further explored the relationship between HULC gene polymorphism (rs1041279, rs7770772, and rs17144343) and the combined effects of genotypes with recurrent spontaneous abortion susceptibility through stratification by age and number of abortions (shown in Table 3 ). Compared with the CC/CG genotype of rs1041279, the variant GG genotype was more protective for women aged 35-40 years (OR = 0.475, 95% CI = 0.261-0.866, P = 0.015). Compared with the GG genotype of rs7770772, the variant GC/CC genotype was more protective for women aged less than 35 years (OR = 0.682, 95% CI = 0.516-0.901, P = 0.007) and more protective for the patients who had at least four miscarriages (adjusted OR = 0.682, 95% CI = 0.501-0.928, P = 0.015). Compared with the GG genotype of rs17144343, the variant GA/AA genotype was more protective for women aged less than 40 years and more protective for the patients who had at least four miscarriages (adjusted OR = 0.449, 95% CI = 0.260-0.774, P = 0.004). In addition, a comprehensive analysis showed that one to four genotypes were more highly associated with a reduced risk of recurrent spontaneous abortion in women aged less than 35 years (OR = 0.686, 95% CI = 0.528-0.891, P = 0.005) and patients with at least four miscarriages (adjusted OR = 0.586, 95% CI = 0.440-0.780, P = 0.0003) compared with those with no genotypes. The genotypes shows no significant association in the other stratified analyses. The false-positive report probability (FPRP) values for the positive results of the HULC gene were shown in Table 4 . The predicted value of the false positive report was 0.2, and the prior probability was 0.1. Most of the statistically significant findings were also significant except for the rs1041279. Compared to the rs7770772 GG genotype, the rs7770772 GC genotype (FPRP = 0.116) and GC/CC genotypes (FPRP = 0.116) were reduced, the recurrent spontaneous abortion risk is still credible. Compared to the 4
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DISCUSSION
In this study, we screened four SNPs in the HULC gene and found that the variant genotypes of rs1041279 C > G, rs7770772 G > C and rs17144343 G > A were associated with a reduced risk of recurrent spontaneous abortion. The protective effect was most pronounced in women younger than 35 years and the patients who had at least four miscarriages. This study constitutes the first investigation of the relationship between HULC gene polymorphisms and susceptibility to recurrent spontaneous abortion. Our study suggests that HULC might be a biomarker for risk of recurrent spontaneous abortion. The sample size included in this study is relatively small, and studies with larger sample size are needed to verify this result.
An increased number of studies confirm that the lncRNA HULC plays an important role in many diseases. HULC affects the migration and invasion of cells, including mesenchymal stem cells, osteosarcoma cells, and gastric cancer cells (Kong and Wang, 2018; Ma and Ding, 2018) . In addition, HULC can also regulate epithelial-to-mesenchymal transition (EMT) process in oral squamous cell carcinoma (Su et al., 2019) . Previous studies have also found that the invasion and migration functions of extravillous trophoblast cells are closely related to the occurrence of recurrent spontaneous abortion (Li et al., 2017; Windsperger et al., 2017) . Trophoblastic cells undergo EMT and become mesenchymal trophoblasts, which is the prerequisite for their invasion and migration (Tantbirojn et al., 2008; Nakaya and Sheng, 2013; Li et al., 2014; Miner et al., 2016; Zong et al., 2016; Zhou et al., 2017) . These studies suggest that HULC might play an important role in the pathogenesis of recurrent spontaneous abortion. Recently, Fenoglio et al. confirmed that lncRNA HULC expression is downregulated in multiple sclerosis patients (Fenoglio et al., 2018) . A study conducted by Shaker et al. revealed that the lncRNA HULC is abnormally expressed in colorectal cancer patients and that this abnormal expression is associated with its polymorphism (Shaker et al., 2017) . Therefore, HULC gene polymorphisms might be associated with susceptibility to recurrent abortion. In this study, we selected the four SNPs (rs1041279, rs7770772, rs1328868, and rs17144343) that were more likely to be associated with recurrent spontaneous abortion. The rs1041279 C > G and rs7770772 G > C polymorphisms are located in the HULC gene promoter, rs1328868 C > T is located in an exon, and rs17144343 G > A is located in the 3′-UTR. Our study suggests that three SNPs in the lncRNA HULC gene (rs1041279 C > G, rs7770772 G > C, and rs17144343 G > A) reduce susceptibility to recurrent spontaneous abortion. In addition, the cumulative protective effect depends on the number of genotypes, and the risk of recurrent abortion is significantly reduced with increases in the number of observed genotypes. Promoter polymorphisms might have important functions in regulating the expression of mature lncRNAs and some transcription factors (Bongiorni et al., 2014) . However, Wang et al. found that rs1041279 in the HULC gene is associated with increased risk for hepatocellular cancer and suggested that this polymorphism might be a biomarker for hepatocellular cancer risk . Unfortunately, these researchers did not assess whether rs17144343 is associated with susceptibility to hepatocellular cancer risk . Therefore, rs1041279, rs7770772, and rs17144343 might be SNPs with multiple functions that could have the potential to predict the risk of recurrent spontaneous abortion. A study conducted by Wu et al. found that MALAT1 combined with HULC promotes the malignant progression of liver cancer stem cells through microsatellite instability and telomere alteration (Wu et al., 2016) . Moreover, Fan et al. suggested that MALAT1 is an important mediator of the TGF-β-induced EMT by promoting bladder cancer metastasis (Fan et al., 2014) . Studies have also found that HULC regulates EMT in a variety of cancers, such as gastric cancer and hepatocellular carcinoma (Zhao et al., 2014; Li et al., 2016) . Furthermore, HULC reduces the expression of EMTrelated factors in bone neoplasm cells . The genetic polymorphisms of HULC and MALAT1 are associated with susceptibility to recurrent spontaneous abortion. In addition, MALAT1 is decreased in patients who experience complicated recurrent spontaneous abortions . Although we did not detect the expression of HULC, we hypothesized that HULC polymorphisms might regulate the expression of HULC. Thus, HULC combined with MALAT1 regulates the EMT signaling pathway to protect against recurrent abortion, but this hypothesis requires further experimental verification.
Numerous studies have shown that advanced age and number of previous abortions are risk factors for miscarriage: women over 6
October 2019 | Volume 10 | Article 918 Frontiers in Genetics | www.frontiersin.org 40 years of age are five times more likely to have a miscarriage than women between the ages of 31 and 35. Other studies have confirmed that the number of previous abortions is related to the risk of miscarriage (van Kooij et al., 1996; Nybo Andersen et al., 2000; Ogasawara et al., 2000; Agenor and Bhattacharya, 2015) . In our study, combination of the HULC gene genotypes revealed that the protective effect was most pronounced in women younger than 35 years and patients who had at least four miscarriages, which might explain the reduction in recurrent spontaneous abortion in women younger than 35 years compared with women older than 35 years. However, this specific molecular mechanism needs to be further studied. In conclusion, our findings further demonstrate the important role of the HULC gene in the development of recurrent spontaneous abortion.
This study constitutes the first exploration of the relationship between HULC polymorphisms and susceptibility to recurrent spontaneous abortion. Many limitations of this study should be noted. First, the sample size of the case and control groups in this study was relatively small, which hinders the statistical effectiveness of the study. Second, in this study, we focused on four HULC SNPs. Moreover, the expression of HULC was not detected in this study, and thus, additional SNPs that might affect the expression and function of HULC will be studied in the future. Third, because this study is retrospective in nature, some important information might be associated with factors related to recurrent spontaneous abortion (e.g., lifestyle, smoking, and drinking). Fourth, we only included women in southern China in this study. These findings cannot be extended from to another race until additional validation studies of more women with different genetic backgrounds are conducted.
In conclusion, this study suggests that the rs1041279 GG allele, the rs7770772 GC/CC alleles, and the rs17144343 GA/AA allele of the HULC gene are associated with decreased susceptibility to recurrent spontaneous abortion and protect patients against abortion. In addition, the protective effect is most pronounced in women younger than 35 years and patients who have had at least four miscarriages. However, future research should include a larger sample size and more experiments to further explore the role of the HULC gene in defining the susceptibility to recurrent spontaneous abortion.
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